OBJECTIVE: To investigate whether supplementation of carbohydrate, chromium, dietary ®bre and caffeine is effective for maintenance of weight-loss in the long-term. DESIGN: A longitudinal, double-blind, randomly assigned intervention study of 16 months with supplementation of either 50g of carbohydrates (CHO), 200 m mg chromium-picolinate (Cr-Pic), 20g of soluble ®bre plus 100 mg caffeine (CHO ) or 50g of plain CHO, for 16 months besides a very low energy diet (VLED) during the ®rst two months. SUBJECTS: Thirtythree female obese subjects (age, 34.8 AE 7.0 y; body weight (BW): 85.5 AE 10.0 kg; body mass index (BMI) 31.2 AE 3.7 kg.m 72 ) participated, 13 subjects were supplemented with CHO , 11 subjects were supplemented with CHO and 9 subjects served as a control group. MEASUREMENTS: BW, body composition, energy intake and blood parameters were measured before the VLED (0), after the VLED at 2 months (2), and at 4, 10 and 16 months. RESULTS: The amount and course of relapse of BW was equal for the supplemented and control groups. The average regain at 16 months (the weight gained as a percentage of the total weight loss during the VLED) was 66.1 AE 81.2%, and was not different between the groups. No differences in body composition were found between the groups at 16 months. The CHO supplements resulted in signi®cantly elevated energy percentage (En %) intake of CHO daily, in both supplemented groups, although this did not result in less regain. Pearson correlation analysis for all subjects revealed that the more fat consumed, the more regain was found at 16 months (r 0.41, P`0.05). A high CHO consumption was correlated with less regain (r 70.40, P 0.05). Furthermore, chromium intake did not result in signi®cant changes in blood parameters and body composition. CONCLUSION: Although additional supplementation of CHO, chromium, dietary ®bre and caffeine intake did not affect BW, the En % CHO daily was increased signi®cantly. Our results indicate that a high En % intake of CHO and a low En % intake of fat daily is bene®cial for prevention of weight regain.
Introduction
A low-fat diet, exercise and social support are important factors for successful weight maintenance. 1, 2 However, results of long-term weight maintenance studies have been disappointing, 3, 4 indicating that incorporation of these success factors in normal life is dif®cult. An increasing number of studies have indicated that obesity could take place as a result of overconsumption of fat, resulting in an overconsumption of energy. 5±8 Besides this, development of obesity could result from insulin resistance and hyperinsulinaemia, without consumption of excess calories. 5 Maintenance of increased levels of adipose tissue lipoprotein lipase (LPL) in the fasted state, and an increased response of adipose tissue LPL to insulin, support the fast uptake and storage of fatty acids, resulting in weight gain. 9 Insulin resistance has therefore been suggested to be an adaptation to prevent ongoing weight gain, when energy intakeafat intake is high and energy expenditure is low. 5, 9 Studies with ad libitum intake of energy with a high carbohydrate (CHO) energy percentage (En %), such as that performed by Toubro and Astrup, 10 suggest that a change in macronutrient composition is essential for weight maintenance. 11±13 In addition to better weight maintenance, lowering of insulin resistance has been suggested to take place with lowering of the En % fat on a high-carbohydrate diet, especially with complex carbohydrates. 5Y14Y15 The high dietary ®bre content of the diet would affect the hunger and satiety feelings in such a way that less energy will be consumed. 16Y17 Lowering of insulin resistance has further been suggested by McCarty, 18 with supplementation of chromium, since chromium potentiates the action of insulin. Furthermore, supplementation of chromium has been reported to have positive effects on blood lipid pro®les. 19 Patients with insulin resistance syn-drome, often suffer from dyslipidaemia and chromium supplementation would therefore affect both disorders. 20, 21 Besides stimulating glucose-uptake, aminoacid uptake is also stimulated by insulin. 22±24 A lowering of the insulin resistance would result in a higher amino-acid uptake. This anabolic effect of chromium has been reported to result in an increase of lean body mass and a lowering of fat mass. 23, 24 Thus, incorporation of carbohydrate, chromium and dietary ®bre as food elements, might be expected to lead to better weight maintenance, because of an increased En % from CHO, improvement in insulin resistance and the reduction of energy intake due to a high-®bre diet. An increase in energy expenditure, as a successful weight maintenance factor, is possible on increasing physical activity, but also by thermogenic agents. Caffeine has been proven to be a potential drug for subjects trying to maintain a stable body weight, or even lose weight, by stimulating energy metabolism and lipolysis. 25 In the present study, we examined weight maintenance with food supplements rich in CHO, chromium-picolinate (Cr-Pic), caffeine and dietary ®bre in weight-reduced subjects. Comparison of this complete supplement with plain carbohydrates will reveal the additional effects of the extra compounds. The main interest in the study is the weight maintenance at 16 months. Changes in body composition, fasting plasma insulin, glucose and serum cholesterol concentrations, and En % of macronutrient intake, were studied.
Methods

Subjects
Thirty-three female, obese subjects completed the whole study (age: 34.8 AE 7.0 y; body weight (BW): 85.5 AE 10.0 kg; body mass index (BMI) 31.2 AE 3.77 kg.m 72 ). Written informed consent was obtained from each subject. The study protocol was reviewed and approved by the Medical Ethical Committee of the Maastricht University.
Drop-out information
At the start of the study, 49 subjects participated. Ten females dropped out of the study during the very low energy diet (VLED) period, because they were not able to follow the strict diet regime. Thirtynine subjects completed the VLED. Three subjects dropped out of the 16 month weight maintenance phase at 5 months, for personal reasons. At 10 months, another 3 subjects dropped out; 2 were unable to complete the tests and 1 complained about the supplement. Comparison of the baseline characteristics of the subjects who dropped out of the study, with those who completed the study, did not reveal any signi®-cant differences.
Study protocol
The subjects took part in a VLED intervention for eight weeks in order to lose weight. The VLED (Modifast 1 , Novartis Nutrition, Bern, Switzerland) was supplied daily, in three sachets, which were dissolved in water to obtain a milk-shake or dessert. Total energy intake during VLED was 2MJ daily. The maintenance of body weight after VLED was followed for 16 months. The food supplement intervention during this period consisted of either a CHO, CrPic, soluble ®bre (Bene®ber 1 , Novartis Nutrition) caffeine supplement (CHO ), or supplementation with plain CHO. The control group did not receive any intervention. Subjects were randomly assigned to a supplement or control group and a double-blind administration of the supplement was carried out. Measurements were carried out before (0 months) and after (2 months) the VLED period. During the weight maintenance phase these measurements were repeated at 4, 10 and 16 months. The study design is presented in Figure 1 .
Food supplements
The two supplements used differed in composition. The CHO supplement contained 50 g CHO (42% glucose and 58% maltodextrins), 200 mg Cr-Pic (CHO), 20 g soluble ®bre (Bene®ber
1
) and 100 mg caffeine. The CHO supplement contained 50 g CHO (42% glucose and 58% maltodextrins) (CHO).
The supplement had to be dissolved in 250ml water to obtain a fresh juicy lemonade (¯avors: peach, lemon and apple). The food supplements were prepared by Novartis Nutrition. The supplements were consumed once daily. Subjects were instructed to use the CHO or CHO supplement in the afternoon to replace the usual in between meals drink, such as a cup of tea or coffee andaor a fat containing snack.
Measurements
Subjects came to the laboratory at 08.00h after an overnight fast for different measurements at 0, 2, 4, 10 and 16 months. 
Anthropometry
BW was measured on a digital balance accurate to 0.1 kg (Sauter D-7470, Ebingen, Germany). Height was measured to the nearest 0.1 cm using a wallmounted stadiometer (Seca, model 220, Hamburg, Germany). BMI was calculated from weight and height (kg.m 72 ). The distribution of fat was investigated by measuring waist and hip circumferences, the waist-hip ratio (WHR) and the sagittal diameter. The waist circumference was measured at the smallest circumference between the rib cage and the ileac crest, with the subject standing. The hip circumference was measured at the level of the widest circumference between the waist and thighs. The WHR was calculated by dividing the waist circumference by the hip circumference. For determination of the sagittal diameter, the distance between the abdomen and the back, a stadiometer was used with the subject supine.
Bio-impedance spectrometry
Multiple frequency bio-electrical impedance analyses were measured with a Xitron 4000 Multi-Frequency Bio-Impedance Analyzer (Xitron Technologies, San Diego, CA, USA). This device uses a four-electrode arrangement and measures reactance and phase angle of a conductor on application of an alternating electric current. Tracets MP3000 (LecTec Corporation, Minnetonka, MN, USA) electrodes were used. The applied frequency ranged from 1 kHz to 1.35 MHz. Measurements were made while the subjects were lying comfortably on a polysterene mattress, their legs slightly apart to ensure no contact between the thighs and the arms relaxed at the side to prevent contact with the trunk. The electrodes were positioned at conventional locations on the hand and foot. Measurements were made one-sited at the right site of the body. The calculations of Fat Free Mass (FFM) and Fat Mass (FM) were performed with Triton 4000B. Extracellular water (ECW) and intracellular water (ICW) were predicted using the general mixture theory. This implies that we used a formula to directly calculate the water compartments from resistance values, assuming speci®c resistance of ECW and ICW. The speci®c resistances used for women was extracellularly 146.4 and intracellularly 947; these values were obtained from an independent dataset of our laboratory. 27, 28 Energy intake
The amount of food consumed during the 16 month study period, was calculated with analysis of the completed food-intake diary. Subjects were asked to write down everything consumed (meals, drinks and snacks) on two normal week days and one weekend day at every time point of the study. After returning the diaries, the portion size and household attributes were examined to give a good indication of the amount of food consumed. The diaries were analysed with the Dutch food table 29 and the accessory computer program.
Compliance to supplement intake during the weight maintenance phase
The supplemented subjects were asked to consume 1 sachet daily. Actual intake was checked by lists of supplement intake and counting of the returned sachets. The 24 supplemented subjects liked the supplement and hardly forgot consumption. Compliance was 86 AE 15% on average for the CHO group and 84 AE 18% for the CHO group.
Statistics
Data are presented as mean and standard deviation ( AE s.d.). A two-way ANOVA with repeated measurements was used to compare differences in parameters across the groups over time. Changes in parameters measured with respect to the initial value were calculated as a percentage of the initial value. Statistical signi®cance was set at P`0.05. Power analysis (power 0.80) was performed a priori, based upon data of a previous supplementation study. 30 A difference in regain between groups of 60% and a standard deviation of 60%, revealed that we needed 3 groups of 12 subjects for our study. Based upon a drop-out estimation of 10 subjects, we started with 49 subjects.
Results
The physical characteristics of the subjects before the intervention are presented in Table 1 . For the anthropometric parameters measured (BW, WHR, sagittal diameter, body fat percentage, FFM and FM) two-way ANOVA analysis revealed signi®cant differences over time for all parameters, but no differences among the three groups. Subjects lost on average 9.0 AE 2.4 kg during the VLED (no differences between groups). Body weight decreased on average to 89.5 AE 2.7% of the initial BW. The changes in BW are presented in Figure 2 , which illustrates weight¯uctuation in the different groups during the study. The amount and course of changes in BW was equal for the supplemented and control groups. At 16 months of the study, all three groups still had signi®cantly lower BW than at month 0. The classi®cation of subjects according to the amount of weight regained at 16 months (as a percentage of the weight lost during the VLED) is shown in Figure 3 . The average regain at 16 months was 66.1 AE 81.2%, and was similar for all the groups (51.1 AE 109.0% for CHO , 68.1 AE 55.2% for CHO and 85.5 AE 55.8% for the control group). Leaving one subject of the CHO group out of the analysis because of ongoing weight loss during the weight maintenance phase, resulted in a percentage of 76.6 AE 62.7 at 16 months for the CHO group. In Figure 3 it is shown that 31% of the CHO group, 36% of the CHO group and 21% of the control group regained less than 50% of the weight lost.
FFM and FM, as measured with bio-impedance, are presented in Figure 4 . No differences in body composition were found between the groups, although clear differences were found over time. FFM was, at 16 months, still signi®cantly lower compared to baseline values. For FM this was not found; although BW was still lower at 16 months, FM was already completely Long-term weight maintenancethe same as at the beginning of the study (see Figure  4) . Serum cholesterol data and fasted plasma glucose and insulin values are presented in Table 2 . No in¯uence of CHO supplementation or the additional compounds was found, meaning that there were no differences among the 3 groups in this study. Comparable changes over time were found for the three groups caused by the VLED intervention.
Because an extra intake of 50 g of CHO daily would affect macronutrient composition of the diet, the energy intake and composition are shown ( Table  3 ). The EI differed signi®cantly over time, but was similar in the three groups. Signi®cant differences in CHO En % intake, were found between the two supplemented groups and the control group; En % CHO intake was signi®cantly higher during the supplemented phase in the CHO (52.0 En % CHO) and CHO group (50.3 En % CHO) compared with the control group (42.9 En % CHO) (two-way ANOVA; P`0.01 among groups). Pearson-correlation analysis revealed that for the whole group, the more En % CHO ingested daily (average intake at 10 months and 16 months) the less regain took place (r 70.40, P 0.05) ( Figure 5 ). When corrected for energyintake, a partial correlation coef®cient for CHO intake and body weight regain of 70.40 was found (P`0.05). For the average fat intake at 10 months and 16 months, a positive relation with regain of BW was found as shown in Figure 6 ; r 0.41 (P`0.05). Correction for energy-intake revealed a partial correlation coef®cient of 0.40 between fat intake and BW (P`0.05). Relative changes in BW were also signi®cantly correlated with En % CHO and fat intake at 0 months and 16 months. En % CHO intake and relative changes in BW at 10 months and 16 months were r 70.54 (P`0.01) and r 70.42 (P`0.05), respectively, indicating that a higher En % CHO-intake is correlated with less changes in BW. For En % fat intake, positive relations were found; at 10 months r 0.45 (P`0.05) and at 16 months r 0.49 (P`0.05).
Discussion
In this study an attempt was made to improve weight maintenance success over a 14 month period by means of a food supplement in order to increase the CHO, ®bre, caffeine and chromium content of the diet. All components have a potential capacity to facilitate weight maintenance. The results did not show a bene®cial effect on weight maintenance, although the increased En % of CHO intake for the whole day was related to lowered weight regain. It can not however be ruled out that the number of subjects participating in our study was too small. Based upon results of weight maintenance with ®bre supplementation, 30 we calculated that with a power of 0.80, a difference in regain of 60% could be detected with this number of subjects. The results of the study indicate that the supplement effectiveness was far below the calculated power.
Weight maintenance and macronutrient intake
The CHO-containing supplements, used in the present study, did not result in weight maintenance. Studies where fat is replaced with CHO, have been carried out to manipulate fat balance. Ad libitum food intake studies, in which CHO has provided an energy percentage of 55%, 10, 31, 32 have shown positive outcomes for weight maintenance and weight loss. The theory of Long-term weight maintenance Flatt 11, 33 that fat storage will not take place when FQ b RQ, illustrates that a high CHO diet will improve weight maintenance. This theory is supported by our ®ndings that, when all subjects were studied as one group because no differences in regain of BW were found between the groups, the En % of CHO intake was negatively related with BW-regain. The more CHO consumed, the less regain took place. Calculated from the regression line, no regain took place when 57 En % of CHO were consumed. Fatintake was positively correlated with BW-regain; more En % of fat intake showed more regain of BW (28 En % intake of fat, revealed no regain). No relation was found between total energy intake and regain of BW at 16 months. Partial regression analysis revealed still signi®cant correlation coef®cients between the macronutrient intake and BW regain. These results support the theory that macronutrient composition is of importance in addition to total energy intake consumed daily. 10, 13, 31, 34 This result agrees with the general ®nding that high-fat diets result in obesity. 6, 35 The fact that supplementation of CHO, as performed in this study, is not effective for weight maintenance, but overall increased CHOintake and lowered fat-intake is related to less BWregain, seems to suggest that supplementation of one food element is not the solution for maintenance of a stable BW. The total food consumed during the day, Figure 5 The relation between the daily total energy percentage (En %) carbohydrate (CHO) intake and regain of body weight at 16 months is shown for the whole group. The positive relation found indicates that the more CHO were consumed, the less regain was found. Figure 6 The relation between the daily total energy percentage (En %) fat intake and regain of body weight at 16 months is shown for the whole group. Regain was higher when more fat was consumed. especially under free living conditions, is of more importance. It should therefore be emphasized that normal food consumption during the day should contain low-fat and CHO-rich food products for bene®cial effects at weight maintenance.
Body composition
In the studies described by Evans, 23, 24 showing an effect of Cr-Pic supplementation on body composition, the body fat percentages were determined with skin folds measurements. Knowing the inaccuracy of this method in obese subjects, 36, 37 we studied body composition by bio-impedance. No differences in body fat percentage was found between the three groups as a consequence of Cr-Pic supplementation. Our results are in agreement with Trent and ThiedingCancel, 38 who studied the effect of 400 mg Cr-Pic on body composition. Although they used a higher dosage of Cr-Pic, that is suggested to be more effective particularly in men, no effect on body fat percentage was found. Other studies used hydrodensitometry, known as a good qualitative method for body composition determination. 39 Densitometry was used by Clancy et al 40 and Hallmark et al, 41 who also found no effect of 200 mg Cr-Pic supplementation combined with ®tness training for 9±12 weeks, respectively, on body composition.
Calculation of the Body Composition Improvement-score (BCI-score) as performed by Kaats et al 42 to study the effect of Cr-Pic supplementation, did not result in differences between the groups in this study. Our results are in contrast to the results of Kaats et al 42 who found positive changes in body composition after 72 days of supplementation with 200 and 400 mg Cr-Pic. The addition of FM losses and increases in FFM in the BCI-scores was negative for all groups in the present study (CHO : 73.9 AE 4.3; CHO: 73.2 AE 4.2; Control: 75.6 AE 3.5), indicating that the intervention in the long-term, resulted in an impaired body composition. Therefore the anabolic effect of chromium remains under debate.
Effectiveness of Cr-Pic on blood parameters
Although positive effects of chromium supplementation have been found with respect to glucose tolerance, 19 the results of our study indicate that supplementation with Cr-Pic was not effective on fasted glucose and insulin concentrations. A possible explanation would be that the subjects participating in this study were not Cr-de®cient (as discussed below). With respect to lipid metabolism, Mertz 19 reported that 4 out of 8 studies found no, and 4 studies found positive, effects of chromium supplementation on cholesterol. Although the effect of supplementation is under debate, Newman et al 43 reported in 1978 that serum chromium was signi®cantly lower in patients with coronary artery disease (CAD). Serum chromium was even suggested to be a clinical parameter for prediction of future CAD.
Several explanations for the lack of effect of Cr-Pic supplementation, are possible. The ®rst and most important possible explanation could be that the participating subjects had no insulin resistance and were not Cr-de®cient. The fasted plasma glucose and insulin concentrations of our subjects were not pathological (plasma glucose`8mmol.L 71 and plasma insulin`20mU.L
71
) This was further supported by the ®nding that the area under the curves (AUC) of the oral glucose tolerance tests (OGTT) performed in the two supplemented groups (data not shown), did not change at all with supplementation of CHO or CHO. In the United States, based upon results with self-selected diets, it is assumed that 90% of the population have de®cient Cr-intake (`50 mg daily). 44 This will, however, not necessarily mean that the risk factor for impaired glucose tolerance is increased. Uusitupa et al 45 found that although elderly subjects in Finland consumed on averagè 30 mg.day 71 of Cr, this was not found to be an important risk factor for impaired glucose tolerance. Long-term supplementation of 160 mg Cr per day was not effective in normalizing glucose and insulin metabolism.
Compliance of the supplement intake was thoroughly checked and appeared to be high (85%), and low compliance is therefore ruled out as a possible explanation for ®nding no effects of supplementation. The chelating agent for Cr, picolinic acid, has been studied by Evans 23, 24 and was suggested to be the best chelating agent for Cr. The dosage of Cr-Pic, supplemented in this study (200 mg daily approx. 4 mmol Cr daily) was in the same range used in other studies, that proved, for example, to be effective in: lowering cholesterol 19 and triglyceride concentrations; 21 improving insulin sensitivity 19 and having bene®cial effects on body composition (lowering FM and increasing FFM). 23, 24, 42 Therefore the dosage of Cr supplemented was not the limitation in this study, however the combination of Cr-Pic with other nutrients (like CHO and dietary ®bre) could be, resulting in a lowered uptake of Cr-Pic.
Of the other ingredients, con¯icting results have been found before. Although caffeine is known for its thermogenic effect and stimulation of thermogenesis, 46 this was not always found. 25 The same is true for dietary ®bre, which was found to be effective as a supplement in short-term studies, 47 however, in our previous long-term ®bre supplementation study, no bene®cial effects were found with respect to weight maintenance. 30 
Conclusion
Supplementation of either CHO in combination with Cr-Pic, dietary ®bre and caffeine or CHO alone, has no bene®cial effect on weight maintenance in the long-term. No changes in body composition, glucose, insulin and cholesterol were found, suggesting that supplementation was not effective under free living conditions. However, overall En % from CHO-intake and fat-intake were signi®cantly correlated with BWregain, indicating that macronutrient composition of the diet, in¯uences regain of BW. Attention should be given to the macronutrient composition of the total food consumed during the day, to stimulate CHO-rich and low-fat food consumption in normal daily life.
